OBJECTIVES This study sought to assess the utility of ultrasound (US) guidance for transradial arterial access.
T ransradial catheterization is associated with reduced access site complications and increased patient comfort compared with transfemoral catheterization (1) . In patients with STsegment elevation, there is a decrease in mortality associated with the transradial approach (1, 2) . However, despite increased interest, there is a significant learning curve to transradial catheterization and the proportion of transradial percutaneous coronary intervention (PCI) procedures performed is still low in the United States at approximately 16% (3) .
Failure to access the transradial artery is the cause of 57% of all transradial PCI failures (4) . The radial artery is small at 2.4 to 2.6 mm (5) , which approaches the 2-to 4-mm 2-point discrimination limit of fingertip palpation (6) . The radial artery may also be diminutive, collapsible, calcified, mobile, or associated with anatomic anomalies or dilated radial veins. Difficulty or delays with radial access may contribute to the reluctance of operators in adopting transradial catheterization, particularly for primary PCI (2, 7) .
Real-time ultrasound (US) guidance has been demonstrated to facilitate safe and more efficient vascular access in central veins and in the femoral artery (8, 9) . Several previous small trials have demonstrated potential benefit in radial artery lines outside of the catheterization laboratory (10) , but the technique has not been tested in a multicenter prospective study focused on transradial access for cardiac catheterization. RANDOMIZATION. Patients were randomized in a 1:1 fashion to either palpation or US guidance using sealed envelopes balanced in blocks of 50 to 80 generated at each center. Patients were not randomized until a single trained operator was assigned to their procedure. STUDY PROCEDURES. All patients received assessment of the hand circulation using either the Allen test or Barbeau test. All procedures were performed according to local standard and operator preference with the exception of palpation or US guidance.
Patients received conscious sedation, 5-F or 6-F sheaths, and intra-arterial and/or subcutaneous lidocaine as per local practice. A minimum of 2,000 U of intravenous unfractionated heparin or bivalirudin was required for anticoagulation, and a minimum of either 2.5 mg of intra-arterial verapamil or 100 mg nitroglycerin for spasm prophylaxis. The Radial Artery Access with Ultrasound Trial The goal sample size of 400 patients was derived primarily from a desire to have multiple operators participate in the study, but it was also sufficiently powered to study each of the primary endpoints in isolation. The study had an estimated power of 97.5%
with an alpha of 5% to detect the 17% absolute difference in first-pass success seen in previous trials (9) , >95% power to detect a 30-s difference in time to access, and >99% power to detect a difference in number of attempts of 1. There were no significant differences in the baseline characteristics of the patients ( Table 1) . Barbeau test was used in 47% of procedures and was not different between the 2 groups. There were also no significant differences in procedural characteristics ( Table 2) The Radial Artery Access with Ultrasound Trial F E B R U A R Y 2 0 1 5 : 2 8 3 -9 1 procedure requiring 5 or more attempts, US reduced the number of difficult procedures from 18.6% to 2.4% (p < 0.001). Defined as requiring 5 min or more in time, US guidance showed a trend toward reducing the number of difficult procedures from 6.8% to 3.7%
(p ¼ 0.07).
There were no significant differences in clinical outcomes between the 2 groups ( The Radial Artery Access with Ultrasound Trial These results suggest that "seeing" the small radial artery on US may be more accurate than "feeling" the artery, due to the 2-to 4-mm 2-point discrimination infants that the first-pass success rate was increased from 20% to 67% (p < 0.05). Shiver et al. (14) showed in 60 critically ill emergency room patients an improvement in first-pass success rate from 50% to 87% (p ¼ 0.005) and a reduction in time from 314 s versus 107 s (p ¼ 0.0004). In 1 trial, US did not have a benefit, which was felt by the investigators to be due to insufficient experience, with 94% of operators having <5 US-guided procedures (15) . These findings are summarized in a meta-analysis, which suggested a 17% absolute improvement (26% to 43%) in firstpass success rate (10) .
More recently, a single-operator experience with US guidance for transradial catheterization suggested that any benefit to US guidance was limited to patients with failed palpation-guided attempts (16) .
However, the study did not measure individual attempts, had a significant crossover rate of 13%, and did not specify the experience of the single operator with US procedures or definitions of failed access.
This study did indicate that US guidance did permit radial access in 33% of patients with nonpalpable radial pulses compared with 0% success with palpation.
The present study was not adequately powered for clinical outcomes; therefore, the benefit of US guidance found was limited to procedural success and ef- Spasm has been strongly and independently associated with multiple attempts at access, possibly due to increased injury to the vessel or surrounding tissue. Two studies found that unsuccessful access on first attempt was independently associated with 45%
to 50% increased risk of radial artery spasm (17, 18) . In a large registry, Goldsmit et al. (19) found that the need for more than 1 puncture attempt was associated with an OR of 3.5 (95% CI: 1.9 to 6.3) of moderate/ severe spasm. Regression analysis in this study confirmed an association between number of attempts and spasm. US guidance, by reducing the number of attempts and increasing the first-pass success rate, would presumably reduce the incidence of spasm. In the present study, clinically relevant spasm occurred only rarely (3% to 4%) and equally in both groups. This is likely due to the high proportion of male patients in our population, and the use of only 5-F and 6-F sheaths. We cannot rule out that the benefit of US guidance on number of attempts would translate into a reduction of spasm if tested in a larger sample or if a more sensitive definition of spasm were used.
It is also possible that the correlation between multiple attempts and spasm is partly the result of a common factor such as radial artery size or calcification. Only in the study by Jia et al. (18) were both radial artery size and number of attempts assessed in multivariable analysis, and while the number of attempts remained an independent predictor of spasm (OR: 1.5), radial artery size was a stronger predictor (OR: 4.0). In our experience, we have observed that spasm is much more likely to occur when a relatively small or calcified radial artery is present, which is consistent with the observations of Saito et al. (20) .
We did not use pre-procedure US to measure the size of the radial artery or screen for anatomical variations, which may be an additional benefit to its use (21) . The incidence of radial artery anomalies such as high radial bifurcations, radial loops, or tortuosity approaches 10% (21) and has been associated with increased risk of spasm and failure (22) . A high sheath to artery diameter ratio has been associated with radial artery spasm and occlusion (7, 21) . US screening for a small radial artery, calcification, occlusion, or anatomical variations may aid in the selection of sheath sizes or access site to minimize spasm or procedural failure.
These results should be generalizable to both the general population of patients and operators, as our subjects were unselected and operators with a wide range of experience with US were included. Although the majority of procedures were performed using single-wall puncture technique in this study, there was a nominally synergistic interaction between US guidance and the use of double-wall technique.
Maintaining needle position for wire advancement in single-wall technique might be more difficult when the nondominant hand is releasing the US probe.
Further studies may be needed to confirm this finding.
We believe that familiarity with US-guided access and imaging should be a part of the core curriculum for transradial training (7) . Whether used routinely or as a rescue technique after several attempts at palpation-guided access have failed, US guidance will facilitate transradial catheterization and reduce the risk of transradial access failure. This benefit comes at a modest incremental cost ($6) of sterile drapes and gel and a fixed cost for an US machine that ranges from $15,000 to $25,000.
STUDY LIMITATIONS. Blinding of the operator or catheterization lab personnel to the use of US was not possible in this study. Despite the use of an observer and the lab timer, we cannot exclude a bias in the performance, measurement, or recording of the procedure or clinical data, although our first-pass and overall success rates are in line with previous studies.
The time to prepare the US probe was not included in the time to access and may negate the average time benefit of US guidance if performed by the operator rather than by a technician. Consistent with the practice pattern in our institutions, we did not systematically screen for post-procedural radial artery occlusion with US.
CONCLUSIONS
In this multicenter randomized trial of transradial catheterization, US, compared with palpation, guidance increased the success and efficiency of sheath insertion. Familiarity with the technique will likely benefit transradial operators whether the technique is used routinely or as a rescue technique after initial palpation attempts fail. 
